Overexpression studies in Xenopus embryos, mouse the generation of discrete bHLH expression domains. 
between Mash1 and Math1. This experiment, while visually suggestive, does not address potential overlap at a cellular level at the boundaries of the adjacent domains. To directly compare the overlap at a cellular level, Identification of a Neural-Specific Enhancer 5 of the Ngn1 Gene we used immunofluorescence with Math1-, Mash1-, and Ngn1-specific antibodies on E10.5 and E11.5 spinal neuDue to the transient nature of expression of the bHLH factors in progenitor cells, expression that is extinral tubes. Since it is clear that Math1 and Mash1 do not share a boundary ( Figure 6G ), we used antibodies guished as the cells become post mitotic and differentiate, it is difficult to determine the identity of the neural generated in mouse to detect Math1 and Mash1 (red) and a rabbit polyclonal antibody to detect Ngn1 (green) cell types derived from these progenitor cells. One way to characterize the cell types developing from a particu- (Figures 1C-1F) . At E10.5, the domain of Math1-expressing cells is more extensive than at E11.5. At both embrylar progenitor population is the use of reporter genes whose protein product is more stable than the endogeonic stages, it is clear that in the spinal neural tube, expression of Math1, Ngn1, and Here we identify sequence 5Ј of the Ngn1 coding region that directs expression of a reporter gene to a subset This exquisite control of expression of the different bHLH factors suggests these factors may play a role of the Ngn1 expression domains. Two overlapping fragments of genomic DNA, 7.5 kb in the types of neurons derived from these progenitor populations. This question, as well as the role of crossinand 4.5 kb, encompassing 11 kb sequence 5Ј of the Ngn1 coding region were individually fused 5Ј of BGZA, hibitory activity in setting up these patterns of expression, is addressed in the following experiments.
a lacZ reporter vector (Yee and Rigby, 1993), or BG- EGFP, an EGFP reporter vector, both using the ␤-globin sistent with a previous report (Murray et al., 2000) . In contrast, the distal 7.5 kb consistently drove lacZ or basal promoter. The proximal 4.5 kb had no reproducible activity with only 1 in 16 embryos expressing lacZ in the EGFP expression to a subset of the Ngn1 expression pattern, including regions within the midbrain, hindbrain, trigeminal ganglia and DRG (Figure 2A, TgN1-1Z In the Math1 mutant, the transition in cell type from LH2A/B-to Lim1/2-expressing cells could be due to trans-differentiation of neural stem cells, or could be due to death of the Math1 progenitors and excess proliferation of the Ngn1;Ngn2 progenitors. To distinguish between these possibilities, we looked for evidence of excess cell death in the mutants. Using TUNEL analysis, it is clear that there is no apparent increase in cell death Figure 7B ). This is in contrast to the many cells coexpressing Cath1 and myc when a mycon Cath1 expression ( Figures 7C and 7F ). These data demonstrate that Ngn1 inhibits the expression of Cath1 control was used ( Figure 7A ). In addition, a decrease in the number of Cath1-expressing cells on the electroporand Cash1, and that this function is dependent on the ability of Ngn1 to bind DNA. ated side was observed with myc-Ngn1 but not myccontrol electroporations, supporting a role for Ngn1 in We also tested the converse: does ectopic expression of Math1 inhibit c-Ngn1 expression? Our Ngn1-specific inhibiting Math1 expression ( Figures 7D and 7E ). Since Mash1 also shares a boundary with Ngn1, we assayed antibodies do not recognize the c-Ngn1 protein, so we could not assess this at the single cell level as above. was a dramatic loss of Lim1/2-expressing cells dorsally ( Figure 7O ). Conversely, when Ngn1 was ectopically exThus, Ngn1 and Math1 specifically inhibit expression of other bHLH factors when overexpressed in the neural pressed, excess dorsal expression of Lim1/2 was detected ( Figure 7M) . Furthermore, the nonoverlapping tube.
We also used this ectopic expression paradigm to pattern of LH2A/B and Lim1/2 is retained in these neural tubes, but the relative composition of these cell types assess changes in expression of LH2A/B and Lim1/2 in the chick neural tubes in response to Math1 and Ngn1.
is altered with altered bHLH expression. In the mouse dorsal neural tube, we used Brn3a to distinguish the As predicted from data in the mutants (Figure 5 ), when Cath1 is repressed in Ngn1 electroporated tissue, there most dorsal domain of Lim1/2 from more ventral expression. Brn3a was not a useful marker in the chick electrois a dramatic decrease in the number of LH2-expressing tors would begin to allow some of these questions to be addressed. 
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